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PROCESS FOR SEPARATING ENANTIOMERIC SUBSTANCES, AND A 
SEPARATING MEDIUM FOR CARRYING OUT THE PROCESS 

The present invention concerns a process for sepa- 
5 rating enantiomeric substances, as well as a separating 
medium for carrying out the process. 

The molecules of most substances with biological 
activity, e.g. medicines, herbicides, pheromones and 
insecticides, lack a centre or pliane of symmetry, which 

10 makes these substances optically active. A substance which 
has such a spatial configuration that it cannot be covered 
by its own mirror image is called a chiral substance. The 
two mirror images of a compound, also called enantiomers, 
often occur in a racemic mixture, where the two enantio- 

15 mers are present in an amount of 50% each. The enantiomers 
of, for instance, a medicine often are of different thera- 
peutical value, since they exhibit differences in pharma- 
cokinetics, pharmacodynamics and toxicology. In many 
cases, only one enantiomer in a racemic mixture possesses 

20 -the desired activity, while the other may be devoid of 

effect or give rise to side effects of varying degrees of 
seriousness . Mention may here be made of the disastrous 
side effects of the medicine neurosedyn. To achieve opti- 
mum therapeutical effect with a minimum of unwanted side 

25 effects, a separate enantiomer or non-racemic mixtures are 
often administered. 

From the environmental point of view, it is further 
of great importance that herbicides and other types of 
biocides are used with an optimum composition of enan- 

30 tiomers, and that effective methods of analysis are avail- 
able to enable control of the transport and transformation 
of the individual enantiomers in different ecosystems. 

In processes currently used for separating optical 
isomers, chromatography with a chiral stationary phase is 

35 often used. The purity of enantiomers can be chromato- 

graphically determined in starting material, end products 
and various pharmaceutical preparations. Further, chroma- 
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-tographic methods are effective e.g. for quantifying enan- 
tiomers in biological liquids and, consequently, for cha- 
racterising the effects of individual enantiomers in bio- 
logical systems. Chromatography may also be used for iso- 
5 lating adequate amounts of enantiomerically pure sub- 
stances which cannot be produced by stereoselective syn- 
thesis, or which require expensive starting materials. In 
addition, chromatography may be used for isolating enan- 
tiomeric metabolites from complicated biological samples, 

10 e*g. of urine and tissue. 

Columns with different types of chiral, stationary 
phase are at present used in this field. However, such 
columns are, as a rule, much too specific, and are only 
capable of separating a narrow spectrum of compounds. The 

15 different packing materials are often difficult to make, 
as well as expensive, and columns used for preparatory 
purposes are usually uneconomic. 

Thus, there is a great need in many fields for a 
reliable, expedient and inexpensive process for separating 

20 enantiomeric substances, in particular enantiomers in 

racemic mixtures. Further, there is urgent need of a sepa- 
rating medium which is easy and inexpensive to make, and 
has a long service life. 

Swedish printed application 8303221-9 (Hermansson) 

25 discloses separation of different substances, preferably 
optical isomers, with the aid of the transport protein 
orosomucoid which is immobilised on a carrier in a column, 
e.g. silica gel particles. This publication further 
describes various prior art techniques for separating 

30 enantiomers, and states that the disadvantages of these 
knoxm techniques can be obviated by separation with the 
aid of orosomxxcoid immobilised in a separation column. 

The object of the present invention is to obviate 
these inconveniences by providing a process for separating 

35 enantiomeric substances, and a separating medium for car- 
rying out the process. 
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This object is achieved by a process and a separating 
medium of the type mentioned in the introduction to this 
specification, said process and said medium having the 
distinctive features recited in the appended claims. In a 
5 preferred embodiment of the invention, optical isomers, 
e.g. enantiomers^ are chromatographically separated by 
being contacted with the stationary phase which consists 
of cellulase, a derivative or a fragment thereof immobi- 
lised on a carrier in a separation column, whereupon the 

10 optical isomers are eluted separately. 

Compared with the prior art, the present invention 
has several advantages. Thus, the starting material and 
the separating medium, i.e. the cellulase, the derivative 
or the fragment thereof, are easy and inexpensive to make, 

15 and pure also in large quantities. Further, the cellulase, 
the derivative or the fragment thereof can be effectively 
iimnobilised on a carrier surface, e.g. of silica gel, as 
is the case in a preferred embodiment of the invention. In 
addition, the column packed with the separating medium 

20 can, in a chromatographic method of analysis, be used for 
separating extremely hydrophobic enantiomers with the aid 
of simple mobile phases. The inventive separating medium 
further has high stereoselectivity and a capacity for 
several substances, and is thus suitable for preparatory 

25 separations of enantiomers. There are also several possi- 
bilities of controlling the retention times through the 
composition of the mobile phase- Finally, the stationary 
phase containing the cellulase, the derivative or the 
fragment thereof has excellent stability, and is thus 

30 suitable for routine analyses. 

The preferred embodiment of the present invention 
differs from the invention described in, for instance, the 
above-mentioned Swedish printed application 8303221-9 
(Hermansson) mainly in that the separating medium of the 

35 invention is based on cellulase which, unlike orosomucoid, 
is not a transport protein. There are considerable diffe- 



wo 91/12221 



PCr/SE91/00042 



rences as -fco structure and function between these two pro- 
teins . 

Further, the cellulase, the derivative or the frag- 
ment thereof often has a high capacity as separating 
5 medium in chromatographic methods according to the inven- 
tion. 

For instance, enantiomers were separated in a sample 
of 30 pg of the p blocking drug propranolol in an injec- 
tion volume of 500 \xl in analytical colximn, and the same 
10 amount of propranolol could also be separated in an injec- 
tion volume as small as 20 pi* Such a high capacity great- 
ly facilitates the quantification of different enantio- 
mers. 

The prior art does not embrace using the enzyme cel- 

15 lulase, a derivative or a fragment thereof, for separat- 
ing optically active isomers. According to the invention, 
cellulase has proved to be highly suitable for use in 
this area, mostly because of its spatial configuration 
with a multiplicity of accessible surface groups and 

20 active sites. 

In nature, enormous amounts of cellulose are broken 
down every year, mainly by fungi and bacteria. The first 
steps in the breaking-down process of cellulose are cata- 
lysed by cellulase enzymes which hydrolyse p-l,4-bonds in 

25 the cellulose chains. Owing to its high crystallinity and 
frequent association with other substances, e.g. lignin, 
the cellulose is extremely difficult to hydrolyse, and the 
cellulases have therefore developed towards a high degree 
of specialisation. Usually, the cellulases are subdivided 

30 into endoglucanases capable of hydrolysing internal bonds 
in the cellulose chain, and exoglucanases or cellobio- 
hydrolases attacking from the nonreducing end and gene- 
rally giving the product cellobiose. A very ambitious 
effort to classify cellulases according to homology in the 

35 amino acid sequence has been made by Henrissat et al (see 
Cellulase Families Revealed by Hydrophobic Cluster Ana- 
lysis. Gene, 81 (1989) 83). 
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The mould fungus Trichoderma reesei is an effective 
producer of cellulases, and some mutants yield more than 
20 g enzyme per litre of culture liquid, of which about 
50% is made up of cellobiohydroiase I (CBH I). T. reesei 
5 mainly forms four different cellulases, i.e. two endo- 
glucanases and two cellobiohydrolases (CBH I and CBH II). 
The enzymes, as well as the corresponding genes, are well 
characterised (see J. Knowles at al, Cellulase families 
and their genes. Tibtech, 5 (1987) 255). The molecular 

10 weights of cellulases are in the range of 50-55 kD. Thus, 
they belong to the category of large monomers, and all of 
them contain carbohydrates. Further, they are isoelectric 
at low pH values (3.5-6.0). The cellulases produced by 
Trichoderma all have a common structure, the main part of 

15 the enzyme being a catalytic domain to which an additional 
bonding domain consisting of about 30 amino acids is con- 
nected via a flexible link. The bonding domain has a cha- 
racteristic amino acid sequence and a three-dimensional 
structure (see P. Kraulis et al.. Determination of the 

20 three-dimensional structure of the C-terminal domain of 
cellobiohydrolase II frtrni Trichoderma reesei. A study 
using nuclear magnetic resonance and hybrid distance geo- 
metry-dynamical stimulated annealing. Biochemistry, 28 
(1989) 7241). In the case of CBH II, also the three- 

25 dimensional structure of the catalytic domain is known 
(T. Bergfors et al.. Crystallization of the core protein 
of cellobiohydrolase II from Trichoderma reesei. J. Mol. 
Biol. 209 (1989) 167). The majority, of the carbohydrates 
of the enzymes are to be found in the flexible link, where 

30 they are bonded via 0-glycoside bonds to serine or threo- 
nine residues. The bonding domain increases the catalytic 
activity of the enzymes towards crystalline cellulose, 
probably by achieving a high and effective cellulase con- 
centration on the fibre Surface proper. 
35 Owing to their structure, the cellulases are espe- 

cially useful in the process according to the invention. 
Thus, the cellulase molecule senses the slight structural 
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difference between e.g. two enantiomers^ and bonds one 
enantiomer more strongly than the other, which may be 
shown in a chromatogram after elution with a suitably 
eluant. The phrase "a cellulase, a derivative or a frag- 
5 ment thereof", as used throughout the present specifica- 
tion and claims, is meant to include all natural cellu- 
lases, cellulase derivatives and cellulase fragments. It 
will be obvious to anyone skilled in the art that the cel- 
lulase molecule can be modified as to the amino acid 

10 sequence, e.g. by genetic engineering, without substan- 
tially changing its properties as separating medium 
according to the invention, for which reason the phrase "a 
cellulase, a derivative or a fragment thereof* is meant to 
include also such modified cellulases. A preferred embodi- 

15 ment of the invention uses at least one of the cellulases 
cellobiohydrolase I (CBH I), cellobiohydrolase II (CBH 

II) , endoglucanase I (EG I) and endoglucanase III (EG 

III) , or a derivative thereof. 

In a preparation process, CBH I and CBH II were 

20 obtained from a culture filtrate of the fungus Tricho- 

derma reesei QM 9414 by affinity chromatography, p-amino- 
benzyl-l-thio-P-D-cellobiocide being used as ligand and 
connected to Sepharose 4B. Then, elution with 100 mM 
lactose was carried out (for CBH I), or 10 pM cellobiose 

25 (for CBH II), whereupon these cellulases were removed by 
diafiltering on membranes of the type PM-10 (Amicon, 
USA). The resulting mixtures of cellulase isoenzymes were 
further fractionated by ion exchange chromatography. The 
homogeneity was tested both with SDS-PAGE and lEF-PAGE. 

30 Components having a pl value of 3.9 (CBH I) and 5.9 (CBH 
II) were used in most of the tests, but the results with 
the isoenzyme mixtures were substantially identical. The 
molar adsorption coefficients are 73,000 M~"''*cm"'"^ for CBH 
I, and 75,000 M'^-cm""^ for CBH II, and are unchanged for 

35 the raw proteins. 
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In a preferred embgdiment of the invention, cellu- 
lase, a derivative or a fragment thereof is immobilised on 
a carrier in a column used for chromatography, the cellu- 
lase, the derivative or the fragment thereof forming the 
5 stationary phase together with the carrier. The chromato- 
graphic separation column used in the inventive process 
may be any prior art column which can be packed with the 
separating medium and the carrier. The mobile phase may be 
any suitable mobile phase. In another preferred embodiment 

10 of the invention, the- mobile phase may be a mixture of 

chiral cellulase, a derivative or a fragment thereof, in a 
liquid chromatographic separation process, the stationary 
phase being non-chiral. 

The carrier for immobilising the separating medium 

15 may be any suitable carrier but is, in a preferred embodi- 
ment of the invention, silica gel or a derivative thereof, 
such as diol silica gel. When the cellulase is to be immo- 
bilised in the stationary phase of the chromatographic 
column, periodic acid (H^IOg) is, according to one embodi- 

20 ment of the invention, initially added to an aqueous sus- 
pension of diol silica gel produced in accordance with 
prior art methods. The resulting aldehyde silica gel is 
then carefully washed with demineralised water which has 
been cleaned in a filtering system of the type Milli-Q. 

25 Then, the aldehyde silica gel is transferred to a phos- 
phate buffer solution (pH 7) of the cellulase. Sodium 
cyanoboron hydride (NaBHgCN) is also added to the solu- 
tion. The vessel containing the reaction mixture is left 
for two days on a tilting table, whereupon the material is 

30 washed with a phosphate buffer. Finally, the material is 
packed by so-called slurry technique in steel columns 
intended for chromatographic purposes. 

In the reaction, the aldehyde group reacts with the 
amino group resulting in an imine, i.e. a Schiff 's base. 

35 The imino group is reduced by the sodium cyanoboron 

hydride to an amino group which serves as a bond between 
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t:he silica gel and the cellulase. Thus, the cellulase Is 
Immobilised covalently on the silica gel derivative. 

The separating medium according to the Invention, 
I.e. the cellulase, the derivative or the fragment there- 
5 of, may be used for separating optically active Isomers 
with the aid of chromatographic and kindred techniques, 
e.g. electrophoresis and liquid-liquid extractions (so- 
called two-phase system) for separating, determining and 
isolating enantiomeric substances, but above all optically 

10 active substances, e.g. enantiomers in racemic mixtures. 
Preferred examples of optically active substances to which 
the inventive process and separating medium are applicable 
include some medicines, e.g. P blockers, herbicides, phe- 
romones and Insecticides. However, it will be obvious to 

15 anyone skilled In the art that other compounds may also be 
separated. Thus, the Invention Is a necessary and Impor- 
tant complement to existing processes for separating opti- 
cally active compounds, but It may also more or less 
replace existing processes. 

20 The Invention will now be described in more detail, 

reference being had to the accompanying drawings, in which 

Figs 1-3 represent chromatograms Illustrating the 
separation of the enantiomers of three different, optical- 
ly active pharmaceutical substances, 

25 Fig. 4 represents chromatograms which illustrate the 

reproducibility of stationary phases based on the separat- 
ing medium of the invention, and 

Fig. 5 illustrates the stability of the Inventive 
separating medium, both as to retention and as to effec- 

30 tiveness. 

In tests, stationary phases with immobilised cellu- 
lase have shown excellent separation capacity (high ste- 
reoselectivity and high separation effectiveness) for a 
large number of enantiomeric substances, e.g. several p 
35 blockers- Inter alia the three pharmaceutical substances 
propranolol (see Fig. 1), alprenolol (see Fig. 2) and pri- 
localne (see Fig. 3) have been tested* The two first-men- 
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tioned substances are P blockers, whereas -the last-men- 
tioned substance is a local anaesthetic. It has also been 
possible to separate the gastric-acidity-inhibiting drug 
omeprazole, which however is not shown here. The separa- 
5 tions of Figs 1 and 2 were carried out with the cellulase 
silica gel phase packed in a st^el column. The mobile 
phase was an acetate buffer having a pH of 4 . 7 and con- 
taining 0.5% 2-propanol. The mobile phase for the sepa- 
ration of prilocaine also contained a quaternary ammonium 

10 compound in the form of 1.1 mM tetrabutyl ammonium. The 
present invention results in extremely high stereoselec- 
tivities and complete dissolution of the enantiomers with 
the use of uncomplicated, water-base and mobile phases, as 
is apparent from the chroma tograms shown. The a value is 

15 defined as the ratio between the retention times for two 
enantiomers, and as high a values as 1.5-7.2 were obtain- 
ed. The retention times for enantiomers, e.g. of the drugs 
in Figs 1-3 and the drug metoprolol, can be controlled 
with the aid of the pH value (see Table I below). The 

20 addition of an anionic component (see Table II below), 
such as octane sulphonate, to the mobile phase also 
enables control of the retention time, in this case for 
the drug labetalol. 

25 TABLE I 



30 



Control 


of the retention 


time with the 


aid of 


pH 








pH 










4.7 




6.8 




Sample 


^ 1 


a 


^'l 


a 




Propranolol 


0.46 


2-6 


4.6 6.2 


4.7 


4.3 


Alprenolol 


0.16 


5.1 


4.8 2.8 


8.3 


4.9 


Metoprolol 


0.10 


1.7 


0.7 2.1 


2.6 


3.9 


Prilocaine 


<0.01 




0.13 


2.1 


1.2 



35 
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10 

k'^^ is the capacity factor for the enantiomer first 
eluted; k' = ("^^r " ''^O^^^O' wherein t^^ is the retention 
time for the sample^ and t^ is the time it takes for an 
unretarded substance to pass the column. 

ct = k' for the enantiomer last eluted / k' for the 
enantiomer first eluted. 

is the chromatographic dissolution of sample 
peaks, completely separated substances having a value of 
1.5. 



TABLE II 

Control of the retention time ( k ^ ) by adding an anion 

(octane sulphonate) 

15 Octane sulphonate (mM) 

0 5 
Sample k*l a k'l a 

(RR/SS)- 0.25 1.92 0.52 1.52 

20 labetalol 



As is apparent from Table 1, the capacity factor, 
which is the measure of the retardation of the substance, 

25 for such a comparatively hydrophobic substance as propra- 
nolol can be reduced to a k' value of 1 or below by reduc- 
ing pH from 6.8 to 4.7, and still be separated with a high 
stereoselectivity (a). The retention time for hydrophilic 
ionised amines, e.g. labetolol, can be increased by adding 

30 an ion-pair-forming agent to the mobile phase (see Table 
II). 

As is apparent from the chromatograms in Fig. 4, sta- 
tionary phases based on immobilised cellulase can be pro- 
duced with good reproducibility. A good correspondence in 
35 the separation of an amino alcohol was obtained with two 
different batches of immobilised cellulase silica. Sta- 
tionary phases based on cellulase silica also have excel- 
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lent stability, as is apparent from Fig. 5. The retention 
for the enantiomers and the effectiveness of the separa- 
tion col\imn was on the whole constant, even after conti- 
nuous operation during one month with a buffer as mobile 
5 phase. During this period, several different samples were 
run through the column, and many different types of mobile 
phases were used. 



10 



15 



20 



25 



30 



35 
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12 
CLAIMS 

1 . A process for separating enantiomers with the aid 
5 of a separating medium, characterised in 

that the enantiomers are contacted with said separating 
medium which is at least a cellulase enzyme, a derivative 
or a fragment thereof and which, optionally, is immobi- 
lised on a carrier, whereupon the enantiomers are eluted 
10 separately. 

2. The process of claim 1, characteris- 
ed in that the enantiomers to be separated are selected 
amongst (D, L) -propranolol, (D, L)-alprenolol, prilocaine 
and omeprazole » 

15 3. The process of any one of the preceding claims, 

characterised in that the cellulase enzyme,, 
the derivative or the fragment thereof is immobilised on 
carrier of silica gel or a derivative thereof. 

4. The process of any one of the preceding claims,. 
20 characterised in that the cellulase enzyme, 

the derivative or the fragment thereof constitutes, 
together with the carrier, the stationary phase in a 
column used in a chromatographic method. 

5. The process of claims 1 and 2, charac- 

25 terised in that the cellulase enzyme, the deriva- 
tive or the fragment thereof is present in free state in 
the mobile phase in a column used in a chromatographic 
method . 

6. The process of any one of the preceding claims, 
30 characterised in that the cellulase enzyme i 

at least one of cellobiohydrolase I, cellobiohydroiase II 
endoglucanase I and endoglucanase III, or a derivative or 
fragment thereof. 

7. The use of a separating medium for separating 

35 enantiomers, characterised in that the sepa 
rating medium is at least a cellulase enzyme, a derive- 
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tive or a fragment thereof and which, optionally, is immo- 
bilised on a carrier. 

8. The use of claim 1 , characterised in 
that the cellulase enzyme, the derivative or the fragment 

5 thereof is immobilised on a carrier of silica gel or a 
derivative thereof. 

9. The use of claims 7 and 8, character- 
ised in that the cellulase enzyme is at least one of 
cellobiohydrolase I, cellobiohydrolase II, endoglucanase I 

10 and endoglucanase III, or a derivative or fragment there- 
of. 
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20 
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SEPARATION 0F( D.L) -PROPRANOLOL 



OH 



0-CH2-CH-CH2-KHCH^ 



/CH3 



CH. 
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SEPARATION QF(D.L) -ALPRENOLQL 



OH ^CH3 
0>-0-CH2-iH-CH2-NHCH^^^^ 




^CH2-CH=CH2 



D 




0.002 A 



0 



— r 

10 



20 



30niin, 
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ENANTIOMER SEPARATION OF PRILOCAINE 




-NHCOCH NHCH2CH5CH3 

in. 



0.001 A 



I r 

0 5 



1 1 



10 15 min. 



nG.3 
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REPRODUCIBILITY OF CHROMATOGRAPHIC 
CAPACITY OF COLUMNS 



DISSOLVED SUBSTANCE :H 125/72 HG.^ 



COLUMN NO.l 



0:002 A 




COLUMN NO. 2 



0.002 A 




r 

0 



10 



T- 

20 



—I 

30 min. 
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